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Throughout its history, life on Earth has always encountered challenges, passing through cycles of 
ascent and collapse. The Early Triassic Period connects a time of very low diversity caused by the 
largest mass extinction in the Earth´s history at the end of the Permian to a complete biotic recovery 
resembling the diversity of Mesozoic fauna, even “modern fauna,” during and after the Middle Triassic. 
How the diversity of fossilizable (visible) organisms was able to recover from this extinction has been 
 
gradually pieced together, but the ways in which the ecosystems of unfossilizable (invisible) organisms 
(primary producers, bacteria, and archaea) changed, associated with the altered redox conditions that 
existed after the event, had not been studied. The aim of this study is to describe the types of changes in 
biological and environmental oscillations that occurred from the earliest to the early Middle Triassic and 
to elucidate causes for the delayed biotic recovery from the end-Permian mass extinction using methods 
of organic and inorganic geochemistry. A particular advantage of organic geochemical study is its 
ability to reveal successive ancient primary producer and microbe compositions; all of these from the 
Lower–Middle Triassic have yet to be reported successively because other methods cannot reveal or 
resolve such successive changes. Additionally, investigations of redox conditions through the entire 
Lower Triassic are few. I shed light on ecosystem changes in primary producers (terrestrial and marine 
plants, cyanobacteria), microbes (archaea and bacteria), and redox conditions in the Early Triassic–
Early Middle Triassic using rock samples from South China (Chaohu, Qingyan Mingtang, and 
Bianyang) and southwest Japan (Kamura), and I describe seven new findings. First, the terrestrial 
ecosystem underwent an abrupt change in the dominant vegetation types over the Smithian–Spathian 
boundary transition, in which the once dominant herbaceous lycopsids and/or bryophytes were replaced 
by woody conifers. Second, archaeal biomass increased in an explosive fashion during a deposition of a 
microbialite across the Early–Middle Triassic transition. The cause of this rapid increase is unknown, 
and such increase in microbialites has never been reported. Third, the primary producers in the Early–
Middle Triassic ocean changed substantially, from cyanobacterial (earliest Early Triassic) to 
cyanobacterial and eukaryotic algal co-thriving organisms (Early Triassic), and finally, to eukaryotic 
algal organisms (Middle Triassic). Fourth, the reducing conditions in shallow seas were likely related to 
the distance from land: coastal regions experienced more highly reducing conditions and delayed 
marine benthic fauna recovery, whereas ocean farther from land encountered more highly oxygenated 
conditions and rapid marine benthic fauna recovery during the Early Triassic. Fifth, the harshest and 
most euxinic conditions in the Phanerozoic marine environment occurred at the late Early Triassic. 
Sixth, reducing conditions during the Early Triassic were possibly caused by the activity of 
sulfate-reducing bacteria. Finally, reducing conditions rapidly decreased marine benthic fauna 
populations during the Early Triassic. Furthermore, the combination of these changes demonstrates the 
following: (i) the faster recovery of benthic fauna in the Kamura section compared to the Chaohu 
section can likely be attributed to less reducing conditions in the former region; (ii) on the whole, during 
the Early–early Middle Triassic, both the increases and decreases in cyanobacteria and the reducing 
conditions were synchronized; and (iii) across the climax of warming to global cooling transitions, a 
series of changes to more reducing conditions, enhanced eukaryotic activity and intensified upwelling, 
and changes in terrestrial vegetation from herbaceous lycopsid and/or bryophyte dominated to woody 
conifers occurred for the Smithian–Spathian transition. Additionally, a euxinia maximum and archaeal 
microbialites took place in the Chaohu section, intensified upwelling in the Qingyan section, and 
enhanced eukaryotic activity in both sections across the Early–Middle Triassic transition. Both 
transition events share similar features: both happened across the climax of warming to global cooling 
 
transitions accompanied by enhanced eukaryotic activity, intensified upwelling, and/or more reducing 
conditions. This is the first study to describe in detail primary producers, microbes, and redox 
conditions in the Early–Early Middle Triassic, and the results greatly increase my understanding of the 
recovery processes that occurred following the Permian mass extinction. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
